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INTRODUCTION 
This report summarizes the recommendations of specialized 

planning teams which were convened to give detailed consideration 
to scientific aspects of the approved missions of the Apollo 
space science program. It is important to view these scientific 
aspects within the framework of the general planning of the 
lunar and lunar-earth science program of the National Aero- 
nautical and Space Administration, 

General P l a i ~ n i n g  ef the Lunar and Lunar-Earth Science 
Program 

A .  

To observe the detailed structure of the Moon and from 
these observations to improve our understanding of the history 
of the Moon and of the solar system - such, in broad outline, 
are the objectives of the lunar and lunar-earth science program. 
Precisely because these general objectives of the lunar and 
lunar-earth science program are multipurpose ones to be executed 
by a multi-discipline scientific community, tyqdamental studies 
should be made on: 
1. The solid Moon itself, including: 

Chemical and Physical constitution, 
History of development of the lunar landscape, 
Lithologic, mass distribution and thermal gradients, 
Internal constitution as expressed by tectonics and 
vulcanism, 
Mechanical and chemical processes of aggregation and dis- 
integration, 
Sampling of elemental abundances of the Moon which, in 
addition to the knowledge of the terrestrial (Earth) 
elemental abundances should greatly increase our know- 
ledge of the abundance of elements of the solar system, 
and contribute to a model with which to test basic theories 
of the origin of particles and elements, 
Meteoritic collisions and their use for lunar seismology. 

the Moon, and their interaction with those of the Earth and 
2, The gravitational and magnetic field forces centered around 
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3 .  

4 ." 

5 .  

6. 

7 ,  

other planetary bodies. 
should be taken on the Earth and the Moon for the detection 
of gravitational waves 
Particles, such as solar protons and cosmic radiation, and 
their effect on the lunar magnetosphere as well as the effect 
of this bombardment on the lunar surface materials, 
Possible evidence of extra-terrestrial Life or photo- 
organic matter- 
Various stages of evolution of the nebulae, stars and galaxies 
of the universe made from a lunar observatory in an environ- 
ment free of atmospheric interference. 
Modifications of the properties of materials in the lunar 
environment. 
Experiments to test basic physical or chemical laws and 
constants in the lunar environment 

To accomplish the diverse '5tudies needed to achieve the 

Simultaneous gravity measurements 

general objectives, NASA plans several series of closely co- 
ordinated missions to follow the recently completed Ranger series, 
Approved parts of the overall. lunar and lunar-earth science pro- 
gram of NASA include: 
landing missions to telemeter back information from the lunar 
surface; lunar orbiters with capabilities for close-in observation 
of topographical or geological features and with remote sensing 
equipment for measurement of geophysical properties; the Apollo 
manned science program which would place astronauts and astronaut- 
scientists on the lunar surface for brief stays and achieve the 
return of lunar sanples for detailed earth-based studies, Planning 
is also advancing in manned lunar orbiter and in Apollo extended- 
stay missions, Descriptions of these other phases of the overall 
NASA program are included in the publication Opportunities for 
Participation in Space Flight Investigations" published in 
January, 1965 by the NASA Office of Space Science and Applications, 
The sections which follow will be restricted to detailed considera- 
tion of the approved parts of the Apollo manned science program, 

;he Surveyor series of unmanned soft- 

I 1  
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B. 
8 

/ .., . 
The 

outlined 

Specific Objectives of the Science Program for Approved 
Apollo Missions 

broad objectives of the Apollo Science Program were 
following the National Academy of Science Iowa Summer 

Study June 17-August 10, 1962. Three types of scientific tasks 
were identified as those which could most profitably be carried 
out by scientist-astronauts during early missions of the Apollo 
program : 

(a) Observations of natural phenomena including macro 

(b) Collection of representative samples, 
(c) Emplacement of monitoring equipment. 

and micro structure, 

Since 1963 specialized planning teams have considered 
individual aspects and extensions of the recommendations of this 
Iowa Summer Study. 
in detail the following realistic specific objectives for approved 
missions in the Apollo lunar science program: 

Their findings have made it possible to describe 

The study of the surface and near-surface features 
and composition of the Moon by geological and geo- 
chemical techniques, 
The study of the interior constitution of the Moon and 
its graviathd and magnetic fields by geophysical methods, 
The study of the lunar atmosphere or the lack of it, 
The search for living matter or proto-organic matter on 
the Moon. 

The Geological exploration of the Moon includes the study by 
astronauts or scientist-astronauts of landforms, structures 
and the processes constantly modifying them, such as meteoritic0 
impacts, vulcanism, tectonics, and bombardment by particles 
of the solar winds and micrometeorites etc, It includes the 
study of the particulate, fragmental materials and bed rocks 
on the lunar surface of both shallow and deep orign. 

Geophysical exploration, to be carried out and closely 
correlated with the geological exploration, includes the study 
of the constitution of the interior of the Moon by passive and 
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active seismic methods; the lunar heat balance by heat flow 
measurements, and the study of the magnetic and gravitational 
fields by both surface instruments and in conjunction with manned 
lunar oribtal observations. 

The lunar atmosphere exploration, carried out in conjunction 
with the geophysical and geological investigation, includes 
determination of the density and mass spectrum of any lunar 
atmosphere and possible sources and sinks for gaseous molecules 
on the surface. 

The planned geochemical exploration differs from the fore- 
going investigations in that it is envisaged that the major scien- 
tific achievements will result from detailed geochemical analysis 
of samples after their return to earth in suitable containers. 
No quantitative chemical analysis is planned on the lunar surface 
during the early Apollo missions and geochemical studies would 
be restricted to those which positively aided selection of a 
representative group of samples or which would be unobservable 
after sample return to earth. 
questions of the origin and history of the Moon and their rela- 
tion to the origin and history of the solar system can best be 
obtained by exhaustive earth-based samples on returned lunar 
samples. These should include: gamma-ray measurements, surface 
structure and properties, analysis of evolved gases, mineralogy, 
micro and semi-microanalysis, x-ray fluorescence, isotopic- 
ratio determinations and neutron activation analysis. 

Moon would also emphasize principally the return of samples to 
earth and their detailed examination by bio-organic techniques. 

Significant answers to the central 

The search for living matter or proto -organic matter on the 

C. Benefits of the Specific Ob-jectives 
The justification of the specific objectives of the lunar 

science program need not be more than the search and increase 
of human knowledge. There are, however, many reasons why this 
program should be vigarously supported from the scientific 
point of view: 
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, I .  

1. The comparative study of the Moon and the Earth will greatly 
increase our understanding not only of the origin of the 
Earth-Moon system, but also of the composition and the origin 
of the solar system. 

of the*sedimentary cover and the modification by the agents 
of the atmosphere and hydrosphere can not be studied directly. 
These problems involve the processes such as magmatic differ- 
ent is t izrr  2nd metasomatic replacement of ores which directly 
influences the distribution of the elements and concentration 
of mineral resources. It is hopeful that the solutions to 
these problems and the processes involved may be clearly dis- 
played and more susceptible to study on a lunar surface not 
modified by secondary processes as on Earth, The results may 
have direct bearing towards more intelligent search for 
mineral resources on Earth. 

3 .  The basic crustal tectonic forces and mechanism of mountain 
building may also be in grand display on t e lunar surface. 
The understanding of these forces may help to interpret the 
forces which shape the Earth's configuration and influence the 
physical environment upon which the development and migration 
of human civilization depend, 

accomplishment is perhaps more real than fanciful. Curiosity 
and anticipation of discovery are the driving forces of our 
civilization. If the lunar science program is not pushed 
vigorously now, it will be later. Lunar exploration by manned 
spacecraft has been shown to be technologically possible; its 
execution in order3to satisfy human curiosity is inevitable. 
With the national goal of Manned lunar landing set for 1970, 
throclgh and intelligent planning for the lunar science program 
is needed now. 

2. There are many geologi'cal problems on Earth which because 

2 

4 .  The always possible existence of the 1 1  unexpected" scientific 

It should be kept in mind in reading the experimental programs in 
the following sections that: (1) the attainable objectives of 
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the Apollo lunar science program for approved missions are 
necessarily limited because of the restricted stay time of not 
more than 24 hours, and the restricted mobility of the astronaut; 
(2) in order to accomplish the broad general objectives outlined 
previously for the overall lunar science program, it is planned to 
extend the basic Apollo science program by means of an advanced 
Apollo with longer stay time on the Moon, and greater mobility and 
logistic support; ( 3 )  detailed geological mapping, which should 
and can only be done with longer stay times, would be made possible 
by this extension of the Apollo program and by the greater areal 
coverage afforded by manned orbital missions; and ( 4 )  use of the 
Moon as a base for deep-space studies in astronomy or for detailed 
investigation of physical or chemical processes and properties 
in space would be deferred until later phases of the NASA lunar 
science program. 

11, PLANNING OF SPECIFIC TASKS FOR APPROVED APOLLO MISSIONS 
Several committees were convened to consider how attainment 

of the scientific objectives of the Apollo science program 
could best be planned for in their area of specialization. The 
recommendations of the planning teams are summarized here under 
the following headings. 
A. Realistic tasks to be completed on the Lunar Surface in the 
short stay time of approved Apoflo missions 
B Field observations to be made during stay time on the lunar 
surf ace I 0 

C, Recommended schemes of sample recognition, sampling tools, 
sample containers and sampling techniques for choLce of represen- 
tative samples for return to earth. 
D. Recomended procedures for handling, unpackaging, preliminary 
inspection, detailed investigation and data correlation on 
samples returned to earth. 
E. Training of  astronauts necessary for optimum performance of 
tasks assigned to them. 
F ,  Requirements and objectives of earth based geophysical investi- 
gations origin%ted through equipment emplaced on the Moon by the 
astronauts. 



G. 
The following paragraphs, present the necessary background 
information advanced by team members in support of their recom- 
mendations. 
A, Realistic Tasks 

biosciences and the geochemistry planning teams is that because 
of the short few hours stay time of the early Apollo landings 
and the limited mobility of the aatr~nauts, the major scientific 
task of the early Apollo landings should be the selection of 
representative samples (60-80 pounds limited by the capability 
of the spacecraft) for return to earth. 

quantitative analysis be done on site because of, (a) the limited 
stay time, (b) the non-existence of automated, miniaturized 
analytical instruments which can perform reliable and compre- 
hensive quantitative rock or soil analysis and, (c) the greater 
capability of well-qualified earth-based laboratories to study 
and analyze the returned lunar samples in detail under care- 
fully controlled conditions. 

planning team are to obtain, so far as is possible, complete and 
accurate knowledge of the nature and structure of the lunar 
surface, and of the regional stratigraphic and petrologic 
character of the field relations at each Apollo landing site. 
Such observations are essential for the complete interpretation 

Special biascienca aspects of the approved Apollo missions. 

The consensus of the field geology, mineralogy and petrography, 

It is also the consensus of these planning teams that no 

Other important tasks identified by the field geological 

of most later chemical, physical,.mineralogical, petrographic, 
and biological analysis upon the collected samples. They are 
indispensible for the correct interpretation of most physical 
measurements of the lunar surface that can be made at these' sites. 

An important practical distinction between the tasks just 
described and those which follow is that the former are capable 
of completion without extensive additional equipment beyond that 
needed, in any case, for communication between the LEM, the 
astronaut on the surface, and the earth-based control and data 
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receiving facilities, The following tasks would require, in 
general, emplacement of a telemetry system to remain on the surface 
after departure of the LEM: 

The passive seismic planning team identifies as realistic 
the emplacement of a single 3-axis seismograph by an astronaut, 
whose duties might be as simple as placing the equipment on 
the lunar surface or as complex as adjusting the band-pass and 
gain of the instrument to allow for lunar seismic noise. 

astronaut emplace geophone(s) and emplace and aim a mortar 
package. 
ferred until several months after set up and departure. 

- Team would be directed to measure the total pressure, mass 
spectrum, of neutral species and the total concentration and mass 
spectrum of ions together with their directional flux. The 
possibility of leaving behind a mass spectrometer package to 
telemeter lunar atmosphere over a long period seemed to be most 
desirable to this team. Setting up charged particle analysers 
on the lunar surface to examine the energy spectrum of both pos- 
itively and negatively charged particles and their directions 
of arrival, together with an ion mass spectrometer and ion 
trap is recommended for information on the ionized component 
of the lunar atmosphere. Pressure gages were also recommended 
for all missions to be deployed so that time variations at 
different locations could be interpreted to give information 
on possible lunar sources of gases. They could also be used 
to give information on any "clean-up" of the lunar atmosphere 
by escape of rocket gas contaminants after departure of the 
LEM . 

The active seismology p lanning team desire only that the 

Performance of such active experiments Eould be de- 

Tasks recommended by the lunar atmosphere Measurements 

The lunar gravity measurements team envisage$emplacement 
of an instrument of total weight less than 30 lbs, with simple 
provision for temperature control and minimal channel require- 
ments to telemeter back information. Observations of lunar tides, 
search for free oscillations, and the use of the Moon as a 
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detector for gravitational waves, are important scientific points 
which this team associates with emplacement of a sensitive 
gravimeter of a modified La Coste Romberg design. 

a dynamic range of several hundred gammas and a sensitivity of 
fractions of a gamma, with appropriate analog to digital con- 
version subsystems, appeared realistic to the lunar magnetic 
measurements planning team. Although the team also has great 
interest in earth-based magnetic measurements upon retilrned 
fresh samples of unweathered, physically-stable lunar material, 
the anticipated need for drilling techniques to recover such 

netic memory" measurements would be obtained in early missions. 

Location of a triaxial vector magnetometer instrument with 

samples makes it uncertain whether suitable samples for I 1  mag- 

The Heat flow planning team propose that the astronaut emplace 
on the Moon three simple thermal experiments with the objectives 
of telemetering back measurements relating to the surface heat 
flux, the surface temperature fluctuations and their propagation 
into the subsurface, and the thermal properties of lunar surface 
materials at several locations. Of these three experiments, 
those to measure temperature as a function of depth and time 
in lunar surface material penetrable to 50 cm or less, or to 
make similar measurements in surface material beneath an area 
disturbed by an insulating blanket, would not require drilling 
holes, but the third experiment has that requirement. 

B. Field Observations 

tends that it appears highly probable that most parts of the 
Moon's surface are covered with a layer of finely broken rock 
fragments, the upper surface of which is pitted with craters. 
The thickness of the layer, the size distribution of the rock 
fragments, and the size and spacing of superimposed craters 
probably all vary abruptly from place to place. 

From available data, the field geology p lanning team con- 

believe that 



from the  photographs acqui red  from Ranger V I I ,  i n  a d d i t i o n  
t o  t h e  information obtained a t  t h e  t e l e s c o p e ,  a reasonable  model 
of t h e  f i n e  s t r u c t u r e  of a t y p i c a l  l o c a l  a r e a  on a mare s u r f a c e  
can be descr ibed as  fol lows:  A l a y e r  of s h a t t e r e d  and pulver-  
i z e d  rock e j e c t e d  from nearby c r a t e r s ,  covers  more than  95 per  
c e n t  of t h e  mare. It i s  of v a r i a b l e  th i ckness  and res ts  w i t h  
i r r e g u l a r  c o n t a c t  on t h e  underlying subs tance  of t h e  mare. 
d e b r i s  l aye r  t y p i c a l l y  v a r i e s  i n  th i ckness  f r o m  a few t e n s  of 
meters t o  l e s s  than a m i l l i m e t e r .  The upper p a r t  of t h e  d e b r i s  
l a y e r  c o n s i s t s  of f i n e r  p a r t i c l e s  t han  those  fragments nea r  
t h e  base ,  due t o  more f r equen t  s t i r r i n g  up by smal l  c r a t e r i n g  
even t s .  

The 

Examination of such a d e b r i s  l a y e r ,  and v e r i f i c a t i o n  o r  
r e i n t e r p r e t a t i o n  of such a model, p r e s e n t s  a cha l l eng ing  problem 
f o r  t h e  a s t r o n a u t s ,  Fea tures  t o  be desc r ibed ,  i n  a d d i t i o n  t o  
t e n t a t i v e  i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  of t h e  fragmental  
m a t e r i a l ,  i nc lude  s i z e  and spac ing  of t h e  fragments ,  and n a t u r e  
of t h e  c r a t e r s  and of a l l  o t h e r  smal l  and l a r g e  elements of t h e  
l o c a l  topography. 
c r a t e r ,  and d igging  and probing of t h e  d e b r i s  l a y e r  by a s u i t -  
a b l e  t o o l  w i l l  h e l p  t o  g a i n  an  understanding of t h e  v e r t i c a l  
d i s t r i b u t i o n  o r  l a y e r i n g  of t h e  d e b r i s  l a y e r .  S e l e c t i o n  of 
samples r e p r e s e n t a t i v e  of t h e  landing s i t e  w i l l  n o t  be an easy  
t a s k .  The success  of t h e  f i e l d  g e o l o g i c a l  obse rva t ions  and 
sampling w i l l  depend i n  l a r g e  measure upon t h e  t r a i n i n g  of 
t h e  a s t r o n a u t  b u t  t h e r e  i s  need a l s o  f o r  adequate  equipment f o r  
communication and t r a c k i n g  a t  a l l  t i m e s  between t h e  a s t r o n a u t  
on t h e  s u r f a c e ,  t h e  LEM, and t h e  ear th-based  i n v e s t i g a t o r  teams. 
Such adequate communication would be of v a l u e  no t  only f o r  
f i e l d  geo log ica l  s t u d i e s  and s e l e c t i o n  of t h e  most v a l u a b l e  
samples f o r  r e t u r n  t o  e a r t h ,  b u t  a l s o  i n  t h e  choice  of 'optimum 
p o s i t i o n s  f o r  emplacement of t h e  equipment f o r  l u n a r  atmosphere 
s t u d i e s  and those  recommended by v a r i o u s  teams f o r  geophysical  
s t u d i e s .  A d e l i c a t e  balance must be e s t a b l i s h e d  between t h e  
requirements of t h e  t a s k s  ass igned  t o  . t he  a s t r o n a u t s  and t h e  

Observations along t h e  w a l l  of a nearby 
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provision of adequate time and flexibility to adjust to and 
make observations upon the 'unexpected' or unusual in these 
field observations. Much flexibility may, for example, be 
needed in discerning unusual properties imparted to topmost layers 
of dust or aggregated particles by radiation. Valuable information 
may also result from measurement and control systems on the LEM 
during its stay-time on the Moon, such as information on solar 
radiation from the radiation monitoring equipment. Field 
ins t r tmenta t ion  to be carried by astronauts in their traverses 
from the LEM would be mainly incorporated into a specially 
designed Jacob's staff and could include (i) vidicon camera, 
(ii) film camera, (iii) ionizing radiation detection system, (iv) and 
a calibrated penetrometer. . q 1  

/ 

C. Samplinq 

to make measurements upon returned lunar samples is expected 
to be so great that no one batch of samples from a single 
Apollo mission could completely satisfy them. It is therefore 
important to recall that several missions have been approved 
and that preferences of various disciplines for various types 
of sample may be satisfied by different missions, and in fact 
the biosciences team has indicated interest in receiving samples 
from each of the approved missions. 

sampling techniques and sample containers were recognised as 
highly desirable by several planning teams. Their conclusions from 
detailed discussion are briefly presented below. 
teams commented on the desirability of developing simple 
portable equipment to aid in the choice of representative 
samples, the nature of such equipment was not clearly defined, 
and choice of the preferred samples appears dominated by the 
requirements of earth-based measurements to be made on them. 

The interest, enthusiasm, and diversity of groups wishing 

Careful attention to sampling tools, sample recognition, 

Although. 
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( a )  S i z e  of Samples: The f i e l d  geology team sugges ts  t h a t  
most of the  samples c o l l e c t e d  should not  be l a r g e ,  t h a t  a 
sample 1 / 2  x 1 / 2  x 1 1 / 2  inches i s  more than adequate f o r  most 
purposes.  A s  many samples a s  p o s s i b l e  of  t h i s  s i z e  c o n s i s t e n t  
w i t h  t h e  sampling scheme should be c o l l e c t e d ,  
samples would perhaps a l s o  be  d e s i r a b l e  f o r  s p e c i a l  measurements 
of phys ica l  p r o p e r t i e s  and a s  s t anda rds  f o r  i n t e r l a b o r a t o r y  
comparisons. 
t o  f i l l  i n  t h e  remaining space allowed. 

The mineralogy and petrography team would p r e f e r  l a r g e  i n d i v i d u a l  
samples of s o l i d  m a t e r i a l ,  which a r e  r e p r e s e n t a t i v e  of t h e  
landing s i t e .  T h e s e  samples should range i n  weight from a few 
pounds up t o  5 o r  10 pounds. Small p i eces  become more j u s t i f i a b l e  
i f  of a w i d e l y  d i v e r s e  n a t u r e  o r  i f  of  excep t iona l  i n t e r e s t .  
A mixture of samples t o  be  taken  might c o n s i s t  of l a r g e r  p i eces  
r ep resen t ing  bed rock o r  t h e  more abundant o r  r e p r e s e n t a t i v e  
p a r t  of the  landing s i t e ,  I n  a d d i t i o n  a l a r g e  sample of l oose  
s u p e r f i c i a l  f ragmental  m a t e r i a l  should be taken. 

The geochemistry planning team made s i m i l a r  sugges t ions ,  bu t  f o r  
s tudy of r a d i a t i o n  and induced r a d i o a c t i v i t y ,  t h e  tops  of t h e  
samples should be  known, A s p e c i a l  technique should be  adopted 
t o  c o l l e c t  a s p e c i f i c  sample f o r  t h e  measurement of l u n a r  gas 
conten t  of t h e  sample.  It should be of a s p e c i a l  des ign  of perhaps 
a type  of sampling tube  which can be s e a l e d  p r i o r  t o  r e t u r n .  

The b iosc ience  p lanning  team i d e n t i f i e d  a s  t h e i r  i d e a l  c a s e  
c o l l e c t i o n  of many 1 gram samples of  f i n e l y  d iv ided  m a t e r i a l  
from d i f f e r e n t  l o c a l i t i e s  ( a l l  from sub-sur face  and permanently 
shaded spots )  p lus  s e v e r a l  sub-sur face  500 grams t o  1 ki logram 
samples, I n  a n  accep tab le  case ,  s e v e r a l  1 gram samples and one 
t o  two l a rge  samples c o l l e c t e d  a s  above would be va luab le .  
Anything i n  any form t h e  a s t r o n a u t s  can b r i n g  back, would m e e t  
t h e  minimum requirements  of  t h i s  team. 

A few l a r g e  

Small samples of s u r f a c e  d e b r i s  should be  c o l l e c t e d  
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The lunar magnetic measurements team suggest that 3 or 5 
samples of fresh unaltered lunar bedrock samples be obtained 
from any location by a 1 inch diameter drill at depths of less 
than 1 meter. It is important that the orientation of the 
samples obtained be determined with respect to a lunar set 
of coordinates to an accuracy of 5"  as well as the relative 
location of the sample sites. These team members are aware 
that drilling may not be accomplished during the first seven 
Apollo Landings. 

teams did not specify studies of returned lunar samples. 
However the physical properties of the samples such as thermal 

The heat flow planning team and the seismic study planning 

conductivity, diffusivity and wave velocities through lunar 
material should also be considered for Earth-based studies. 

A tentative conclusion with regard to sample selection there- 
fore would require: 

representative bed-rock samples weighing 5 to 10 earth 
pounds for extensive detailed mineralogical petrographic, 
geochemical as well as geophysical measurements. 

A large number of pieces 
size fragments of various rock types 

1/2 x 1/2 x 1 1/2 inch or small 

many small particulate materials from shaded spots or from 
depths for bioscience investigations 

a large "dust" sample collected for detailed laboratory 
study of the various rock types which this sample might 
contain. 

If the sample return compartment has remaining space, small 
samples of surficial debris can fill it. Drill core samples 
may not be obtained depending on the development of a light 
weight, portable drill. Hopefully large, fresh, unaltered 
samples will be suitable for geophysical measurements. A 
special sample will be collected for gas analysis. If the 
lunar surface consists of rocks other than chrondritic meteorites, 
then meteorites, which are responsible for much of the lunar 
sculpture should also be collected for study. 
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(b) Sampling methods and techniques:  S t e r i l i z e d  geo log ica l  
hand t o o l s ,  modified o r  adapted t o  t h e  luna r  environment should 
be used a s  c o l l e c t i n g  t o o l s .  
by t h e  s t e r i l i z e d  sample scoop of t h e  surveying s t a f f .  
f o r  t h e  development and t e s t i n g  of geo log ica l  hand t o o l s  i n  
s imulated luna r  environment i s  emphasized. 
(c )  Sample c o n t a i n e r s  and packaging: Evident ly ,  t h e  types 
of sample con ta ine r s  and methods of packaging and s e a l i n g  a r e  
of g r e a t  concern t o  most members of t h e  planning teams. It 
i s  c l e a r  t h a t  s t u d i e s  should be i n i t i a t e d  a s  soon a s  p o s s i b l e  
f o r  con ta ine r  m a t e r i a l  which i s  s t a b l e  i n  a s imula ted  luna r  
environment. The c o n t a i n e r  should be f l e x i b l e  i n  s i z e  and 
shape and a b l e  t o  accommodate t h e  va r ious  s i z e s  of t h e  samples 
c o l l e c t e d .  I t  i s  a l s o  ev ident  t h a t  i f  t h e r e  should be t r ade -o f f  
of sample weight a g a i n s t  c o n t a i n e r  weight ,  r e l a x a t i o n  f o r  pre-  
s e rv ing  the  lunar  environment i s  recommended t o  conserve a s  much 
sample weight as p o s s i b l e .  This consensus r e s u l t s  from t h e  f o l -  
lowing cons ide ra t ions  advanced by t h e  i n d i v i d u a l  teams: 

The f i e l d  geology p lanninq  team i n d i c a t e d  t h a t  most of 
t h e  samples c o l l e c t e d  should be placed i n  i n d i v i d u a l ,  pre-numbered, 
g a s - t i g h t  s o f t  bags,  and t h e  bags placed i n  gc’ L i g h t ,  p re s su re  
p roof ,  r i g i d  sampleb-which w i l l  be s e a l e d  o u t s i d e  t h e  LEM 
be fo re  r e t u r n  t o  e a r t h .  Besides t h e  s o f t  bags,  s e v e r a l  sma l l ,  
r i g i d  con ta ine r s  should be a v a i l a b l e  s o  t h a t  unconsol idated 
m a t e r i a l  such a s  d u s t  samples can be taken and t h e i r  s t r u c t u r e  
preserved .  

The mineralogy and petrography p lanning  team i n d i c a t e s  t h a t  
sample con ta ine r s  be adap tab le  a s  t o  s i z e  and shape,  be non- 
contaminating, have s t r e n g t h  and thermal  s t a b i l i t y  and s t a -  
b i l i t y  i n  hard vacuum, and be l i g h t  weight and easy t o  use.  
Ind iv idua l  samples, p a r t i c u l a r l y  those  t h a t  may be v o l a t i l e  
o r  otherwise u n s t a b l e ,  should be packaged s e p a r a t e l y  t o  
e l i m i n a t e  contamination and mixing. The samples should be 
s t o r e d  and kept  a t  temperature  not  h ighe r  than  t h e  l u n a r  

Loose m a t e r i a l  may be c o l l e c t e d  
The need 
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environment. The top side of samples should be identified if 
necessary and the containers or samples should be clearly 
labeled and properly logged-in with voice description, location 
and photographs. A few grams of representative sample should 
be packed in hard vacuum, and the trade-off in terms of con- 
tainer volume and weight should be small, but other samples 
need not follow such stringent packaging requirement. Ideally, 
the samples would be returned in sealed, sterile containers 
that will exclude terrestrial contamination and maintain the 
lunar environment. If demanded by circumstances, any yielding 
in these idealized specifications should be made first with 
regard to maintaining the lunar environment, second with regard 
to terrestrial contamination and finally in sample size. 
worst happens, as in a land-and-run situation where recommended 
procedures can not be met, a full sample nevertheless should 
be taken and returned even if in an open condition. 
of sample containers to preserve the lunar environment proves to 
be a largefraction of the total sample load, or if containers can 
not be devised to accommodate a large single piece of rock 
except at high cost in terms of container parameters, then again 
this team reconnnen&relaxation of the specifications preserving 
lunar environment, since the hazard from possible interaction of 
the sample with the terrestrial environment is felt to be small in 
view of the slow kinetics of the processes that would be involved. 
The return of even an unpackaged sample would in all probability 
permit realization of the main mineralogical and geochemical ob- 
jectives and also permit evaluation of any terrestrial inter- 
action that did take place. 

The geochemistry planning team realized that sampling 
and packaging methods should be the first task to be developed. 
This development should consider our ignorance of surface 
conditions of the Moon. Two extreme attitudes are involved: 
1. No effort should be spared to make sampling and packaging 

If the 

If the weight 

the highest standards that now exist or can be de- 
that a small Dart of the total samples preserves the 

- ,  . -  

conform to 
veloped so 
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l u n a r  environment. 2 .  Any sample obtained under even half-way 
decent  condi t ions w i l l  be extremely va luab le .  Sample c o n t a i n e r s  
should be made o f  a c l e a n ,  s t e r i l e ,  and e a s i l y  i d e n t i f i a b l e  
non-magnetic m a t e r i a l ,  and should be e a s i l y  vacuum s e a l e d .  
The ex i s t ence  of a hard vacuum on t h e  l u n a r  s u r f a c e  makes gas 
contaminants a secondary o b j e c t i v e  f o r  most s u r f a c e  m a t e r i a l s .  
Poss ib ly  f o r  some samples high p r e s s u r e  and r e f r i g e r a t i o n  would 
be needed, The team recommends t h a t  only a sma l l  f r a c t i o n  of t h e  
sample, f o r  example about 500 grams(approximate1y 5 per  c e n t  t o t a l  
weight or volume) needs t o  be packaged i n  hard vacuum, t h e  res t  
i n  vacuum of Torr  (contamination f r e e  c o n t a i n e r s )  should 
be q u i t e  adequate.  

The b iosc ience  planning team i n d i c a t e d  t h a t  under i d e a l  
cond i t ions ,  hermet ica l ly  s e a l e d ,  me ta l ,  c l e a n - a n d - s t e r i l e  con- 
t a i n e r s  be used, placed i n  i n e r t  gas p re s su r i zed  s t o r a g e  compart- 
ment of the LEM. This team r e i t e r a t e d  t h e  n e c e s s i t y  of meta l  
con ta ine r s  f o r  t h e  samples t o  be used i n  the s e a r c h  f o r  bo th  
organic  compounds and microorganisms, s i n c e  exposure t o  any 
k ind  of p l a s t i c  c o n t a i n e r  would be ru inous ,  p a r t i c u l a r l y  f o r  
t h e  organic  compound sea rch .  
(d) Addi t iona l  sampling problems: The f i e l d  geology and geo- 
chemistry planning teams sugges t  the need of a s tudy  of t h e  
sampling scheme. Evident ly  the need of a c a r e f u l l y  planned 
sampling scheme depends upon some knowledge of t h e  landing 
s i t e ,  t h e  d i v e r s i f i c a t i o n  of rock t y p e s ,  the percentage of 
consol ida ted  and loose  m a t e r i a l ,  and t h e  g e o l o g i c a l  f e a t u r e s .  
Because of t h e  l i m i t e d  mob i l i t y  and l i m i t e d  a r e a l  coverage, t h e  
geo log ica l  f e a t u r e s  encountered and t h e  rock types encountered 
may be f e w  i n  number. 

A sampling scheme i s  perhaps more u s e f u l  w i t h  luna r  
geo log ica l  e x p l o r a t i o n  covering l a r g e r  a r e a l  e x t e n t ,  and 
t h e  scheme should be developed w i t h  r e s p e c t  t o  t h i s  o b j e c t i v e .  
Considerat ion i s  being g iven  t o  t h e  ques t ion  of whether t h e  
samples t o  be r e tu rned  t o  e a r t h  should be chosen according t o  a 
predetermined p a t t e r n  o r  by a more random s e l e c t i o n  process .  
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The geochemistry planning team ~1 so suggests that the t 
development of portable instruments to!help indicate diverse 
lunar rocks should be encouraged, particularly if visual ex- 
amination is impeded either by space suit constraints, poor 
illuminating condition, or the darkening effect of cosmic and 
solar particle bombardment which could obliterate rock surface 
characteristics. The difficulty of visual inspection however, 
will be improved if fresh rock surfaces can be broken open 
by the use of s u i t a b l e  geological I hand tools. 

D C  Ground-based studies of returned lunar samples: 
Since results of ground-based studies of returned lunar 

samples, in the opinion of several planning teams, constitute 
the major scientific accomplishment of the approved Apollo 
Landing missions, detailed planning is necessary to produce 
the maximum amount of information, Every attempt should be 
made to obtain definitive answers to fundamental questions 
regarding the Moon, its composition, and whether differentiation 
has occurred. Evidence of processes which produce the lunar 
surface features, textures and properties will be valuable. 

Upon return of the lunar samples, two stages of investigations 
are visualized by the teams: 

First, unpackaging and preliminary study behind biological 
barriers of all the samples returned, to obtain a general idea of 
the types, amount and nature of the samples collected and to make 
measurements such as induced radioactivity, which demand immediate 
execution; 

different qualified experimenters with initial emphasis on non- 
destructive tests, It is generally assumed that these detailed 
studies will be done at various well-established laboratories. 

returned lunar samples was disucssed extensively by members of 
various planning teams and it was generally agreed, and speci- 
fically mentioned by the geochemistry planning team, that a central 
storage and unpackaging facility of modest scale is required 
and be located as MSC Houston. Facilities for cleaning, handling 

Second, detailed systematic laboratory investigations by 

Unpackaging and preliminary study; Unpackaging of 
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I b a r r i e r s  seem w e l l  s u i t e d  f o r  t h i s  purpose. The d e t a i l s  have been 

worked out by a s p e c i a l  ad hoc committee. 

a r e  unpacked and s u c c e s s f u l l y  t r a n s f e r r e d  from sample con ta ine r s  
behind the  b i o l o g i c a l  b a r r i e r ,  a d e t a i l e d  d e s c r i p t i o n  of t h e  
amount,general rock type,  and sample l o c a l i t y  should be made. An 
examination of loose g r a i n s  from t h e  samples by b inocu la r  and 
pe t rographic  microscopes w i l l  probably be s u f f i c i e n t  t o  c l a s s i f y  
t h e  samples so  t h a t  a d e t a i l e d  mine ra log ica l ,  pe t rographic  and 
t e x t u r a l  s tudy of t h e  samples can be planned. This i s  necessary 
t o  proper ly  p lan  t h e  d e t a i l e d  s t u d i e s  b r i e f l y  o u t l i n e d  below. 
Revisions of t h i s  p l an  may be  necessary depending on t h e  types of 
samples re turned .  Pre l iminary  examination w i l l  a l s o  al low t h e  
s e l e c t i o n o f  a l a r g e  r e p r e s e n t a t i v e  sample f o r  low leve l  count ing 
of decay of cosmic r ay  induced nuc l ides .  Gas a n a l y s i s  w i l l  
be done on a s p e c i a l l y  c o l l e c t e d  sample a t  a w e l l  e s t a b l i s h e d  
labora tory .  It  i s  g e n e r a l l y  adv i sab le  t o  complete t h e  miner- 
a l o g i c a l  and pe t rographic  s t u d i e s  p r i o r  t o  d e t a i l e d  chemical,  
i s o t o p i c ,  chronologic ,  geophysical  and engineer ing  i n v e s t i g a t i o n .  
However the  mineralogy and petrography team r e q u i r e s  no ana- 
l y t i c a l  o r  x-ray examination of the sample dur ing  t h e  t i m e  t h a t  

Prel iminary s t u d i e s :  A f t e r  t h e  r e tu rned  luna r  samples 
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The geochemistry team suggests requirement of one (but 
at the most two) elemental monitoring instrument where only the 
source needs to be 'Located behind the biological barrier. One 
such instrument might be an optical emission spectrograph. 
Neither the mineralogy and petrography team nor the geochemistry 
team has requirement of any sort of experiment to be performed 
on the samples in vacuum of the order of 10-I2Torr. 

while will be studied behind the b i o l o g i c a l  barriers for possible 
viable microorganisms which may back contaminate the earth. 
tailed search for proto-organic matter and possible living matter 
can proceed after the quarantine period is over. 

The detailed studies of samples will begin after the quarantine 
period is over and samples are distributed. Emphasis will be on 
the use of methods which are nondestructive or consume mimimum 
amount of samples. Measurement of physical properties such as 
specific gravity, luminescence, phosphorescence, indices of 
refraction, hardness, and magnetic susceptibility should be 
made first. This can be followed by the study of loose grains, 
thin sections, and polished sections without consuming more than a 
fraction of a gram of the respresentative sample. Samples 
which show macroscopic evidence of shock metamorphism, or 
samples which contain minerals not readily identified will 
be studied by x-ray diffraction, microchemical, x-ray fluor- 
escence and the use of the electronprobe. Large representative 
lunar samples weighing several grams will then be studied 
systematically by chemical analysis of both the major and minor 
elements using not more than 250 milligrams of samples, 
split of the sample can also be used for isotopic studies and 
age determination. 

Detailed chemical studies: Major elemental compo- 
sition (Si, A I ,  Mg, Mn, total Fey Cay K and Ti) can be analyzed 
by x-ray fluorescence method using small (10 mg) to 250 mg sam- 
ples. 

Samples of fine-grained particulate lunar material mean- 

De- 

Detailed mineralogical and petrographic studies: 

A 

Ferrous iron, Na, and H 2 0  will be done on separate samples. 
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17 minor elements (Ag, By Bay Be, Coy Cry Cu, Gay La, Mn, Nb, 
Pb, Se, Sr, V, Y, and Zr) can be done by quantitative spectro- 
graphic methods using 10 mg. of sample and 40 more minor ele- 
nents,if present,can be deterhined semiquantitatively. 
Cs can be done spectrographically on separate samples weighing 
a few milligrams. Additional small samples are to be used for 
elements susceptible 7 . 0  

ana lys is. 

Depending upon the potassium content of the sample, about 
500 milligrams of sample will be needed for the K/A age 
determination, 50 milligrams for Rb/Sr age determination, 
and 40 milligrams for duplicate 018/016determination. 
Other age determination techniques can also be planned or 
applied. 

For other isotopic studies, larger samples will be needed. 
for example, the measurement of A126 and Belo by gamma-gamma 
coincidence spectrometric methods, or the amount of rare gases 
that may be present by mass spectrometric methods. Other 
stable, radioactive, and extinct isotopes (Xe-129) can be 
investigated on properly chosen samples. 

Rb, Li and 

determination by neutron activation 

Geophysical and engineering investigations: In 
order to help interpret the lunar geophysical data obtained 
by the deployed geophysical experiments, thermal conductivity, 
emis s ivity , elec trica 1 conductivity , and seismic velocities 
of various types of samples should be meastired. The magnetic 
properties of samples of known orientation will be measured 
for use in the interpretation of paleomagnetism of lunar 
rocks. 

It is expected that determination of the bearing strength or 
friction characteristics of lunar material should be done on 
the lunar surface. It is also important to determine the 
engineering properties of the various lunar samples such 
as compressive strength, shearing strength, porosity and 
permeability, resistance to abrasion etc. A better under- 
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standing of the engineering properties of lunar rocks will 
be needed for planning the construction of structures on the 
lunar surface for extended scientific exploration. 

Bioscience investigations: The basic study is the 
search for living matter or proto-organic matter which may 
represent the precursors of life not yet activated by the 
earth's environment. The chances of finding such matter 
is not considered l a rge ,  br?t 2 serious attempt will be made. 

The study of lunar samples is treated in greater detail 
than other experiments because it will provide the most im- 
portant scientific discovery - the composition of the sur- 
face material of the Moon. The samples will tell us whether 
a chondritic model fits the origin of the moon, and, there- 
fore, will further clarify the chemical or genetic relation- 
ship of the earth and its moon. If the lunar samples resemble 
tektites in structure and are high in silica (more than 70%) 
then tektites are of lunar origin, and the Moon must be 
differentiated and has a core. The scientific implications are 
manifold. These implications can not be explored unless lunar 
samples are returned for extensive and detailed ground-based 
analysis. 

Selection of investigators interested in the study 
of returned lunar samples; These samples are the center of 
attraction of the scientific community many of whom wish to 
participate in the making of various types of analysis and 
measurements on them. The need of selection of investigators 
will arise because of the limited amount of samples returned, 
which will not be enough to satisfy all demands. 
chemistry planning team discussed a way to screen applicants 
for the study of lunar samples through a procedure known as 
a "dry run". One or two standard samples of possible lunar 
material will be prepared by institutes such as the National 
Bureau of Standards or the U. S. Geological Survey and be 
made available to applicants who wish to make a specific 

The geo- 
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type  of measurement. The r e s u l t s  of measurements made by 
t h e  app l i can t s  w i l l  be eva lua ted  by a screening  committee 
t o  be  s e l e c t e d  and approved by OSSA of NASA. 
i s  t o  be gained from such a t r i a l  run.  F i r s t l y  i t  w i l l  pro- 
v i d e  an opportuni ty  t o  enumerate t h e  types and s i g n i f i c a n c e  
of measurements t h a t  va r ious  i n v e s t i g a t o r s  of t h e  s c i e n t i f i c  
community wishes t o  make. Secondly, i n t e r l a b o r a t o r y  comparisons 
w i l l  he lp  t o  improve the measurements made and t o  ga in  i n s i g h t  
i n t o  the  problems of the s tudy  of  such samples. Experience 
gained may a l s o  suggest  var ious  precaut ions  on sampling and 
methods of sample r e t u r n .  Discussion i s  p r e s e n t l y  underway 
f o r  i n i t i a t i n g  such a t r i a l  run ,  beginning w i t h  sugges t ion  of 
how t o  ob ta in  good s t anda rd  samples. 
team f e l t  t h a t  a dry run would no t  be a p p l i c a b l e  t o  b iosc i ences  
work. 
E .  As t ronaut ' s  t r a i n i n g :  

There a r e  t h r e e  major s c i e n t i f i c  a s p e c t s  of a s t r o n a u t  
t r a i n i n g .  
r e l a t e d  t o  t h e  t h r e e  major t a sks  he has t o  perform a f t e r  
landing : 
1. Observatior, and d e s c r i p t i o n  of geologic  f e a t u r e s  both  
l a r g e  and smal l ,  and t h e  use of sampling and surveying t o o l s .  
2 .  Se l ec t ion  of samples and sampling p o i n t s .  T ra in ing  should 
emphasize sampling techniques and c r i t e r i a  of r e p r e s e n t a t i v e  
samples. A b i l i t y  t o  s e l e c t  specimens of s c i e n t i f i c  i n t e r e s t  
w i l l  be  necessary on t h e  moon a s  w e l l  a s  f a m i l i a r i t y  w i t h  
types of l abora to ry  s t u d i e s  inc lud ing  t h e  s e a r c h  f o r  l una r  
micro-organisms, and 3 .  Deployment and s e t t i n g  up of i n s t r u -  
ments fo r  geophysical  experiments.  

Geological t r a i n i n g  of a s t r o n a u t s  i s  i n  progress .  Future  
expansion of t h e  t r a i n i n g  curr iculum i n  a r e a s  of geophysical  
experiments and b iosc iences  should be  undertaken. 

A g r e a t  d e a l  

The b iosc iences  planning 

These a spec t s  emphasize e a r t h  sc i ences  and a r e  
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F (1 Requirements of Earth Based Geophysical Investigations 
via Equipment Emplaced on the Moon 

A great deal of infopnation regarding the mass, lithologic 
distribution, and the structure of the interior of planet 
Earth was obtained by geophysical methodsc The combined 
information on the free oscillations detected seismically, 
gravitational measurements, heat flow measurements, and the 
magnetic field and the magnetosphere have provided a shelled 
structural model of the Earth and p r z d k t e d  its compositional 
variation. Although the p resen t  m.rde1 is by no means without 
serious difficulty, the geophysical methods are believed 
equally effective for the study of the Moon, in order to 
investigate its mass distribution down to its center, its 
passive seismic sources, its gravitation and magnetic fields, 
and its heqmt Icsses, 
Recommendations of planning teams f o r  geophysical investigation 
are grouped according to the type of study such as: seismology 
(utilizing both passive and active sources), magnetic field studies, 
measurements of gravitational fields coupled with search for 
gravitational waves and heat flow studies 

The method of investigation is to leave on the lunar surface 
automated long-life geophysical instruments such as seismometers, 
gravimeters and magnetometers, The instruments are to be 
emplaced by the astronauts and start functioning by some 
simple switching devices. 

Although the precise geophysical instrumental package is at 
this time unknown, a seismometer, gravimeter, and magnetometer 
are likely to be successfully built in time for the early 
Apollo flights, The heat flow experiment is still in its con- 
ceptual development stage due to the non-availability of drill 
holes, Insulated thermal blankets to be deployed and emplaced 
by the astronauts show some promise as a means of carrying out 
such measurements. 
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A s  ye t  l i t t l e  cons ide ra t ion  has been given t o  t h e  handl ing 
and a n a l y s i s  of t h e  l a r g e  amounts of geophys ica l  d a t a  teleme- 
t e r e d  back t o  e a r t h .  Exploratory d i scuss ions  a r e  underway t o  
f i n d  a s o l u t i o n  and t o  develop a reasonable  handl ing  procedure 
f o r  data  from t h e  fol lowing inves t iga t ions ' .  

The pass ive  se i smic  experiment proposes t h e  use of a t h ree -  
a x i s  seismograph t o  record  se i smic  waves from Moon quakes o r  
me teo r i t e  impacts.  These records  w i l l  enable  us t o  s tudy  
t h e  energy sources  and t h e  i n t e r n a l  c o n s t i t u t i o n  and s t a t e  
of t h e  Moon. Free  o s c i l l a t i o n s  of t h e  Moon, i f  they can be 
recorded, make i t  p o s s i b l e  f o r  a s i n g l e  s t a t i o n  t o  exp lo re  
t h e  lunar  i n t e r i o r  through t o  t h e  c e n t e r .  

- - -  

Pass ive  seismologv. 

Lunar s e i s m i s i t y ,  t h a t  i s  t h e  s t a t i s t i c s  of moonquakes, i s  an 
index of s t r a i n  accumulation and r e l e a s e .  It r e l a t e s  u l t i -  
mately t o  t h e  thermal  h i s t o r y  and t h e  c u r r e n t  thermal  regime 
of t h e  moon. S e i s m i s i t y  i s  a l s o  an index of t h e  o r i g i n  of 
s u r f a c e  f e a t u r e s ,  such a s  f a u l t i n g ,  volcanisms,  and impacts.  
The c o r r e l a t i o n  of l una r  f e a t u r e s  w i t h  e p i c e n t e r s  of se i smic  
events  w i l l  enable  us t o  say  something s i g n i f i c a n t  about t h e  
o r i g i n  of t h e  s u r f a c e  f e a t u r e s .  A s i n g l e  3 a x i s  se i smic  s y s t e m  
on t h e  Moon can g i v e  rough azimuths and d i s t a n c e s ,  so  t h a t  
ep icen te r s  can be obta ined  w i t h  s u f f i c i e n t  p r e c i s i o n  t o  make 
t h i s  c o r r e l a t i o n .  Me teo r i t e  impact would provide  se i smic  
sources  t h e  same way t h a t  underground explos ions  do. These 
impacts would be d i f f i c u l t  t o  s e p a r a t e  from l u n a r  quakes, 
except  t h a t  t h e  f i r s t  motion would always be compressional .  
Roughly speaking, t h e  se i smic  experiment i s  a l s o  a microme- 
t e o r i t e  experiment w i t h  t h e  e n t i r e  s u r f a c e  of t h e  moon s e r v i n g  
as  a sensor .  F i n a l l y ,  se i smic  waves may be used t o  i n f e r  
p r o p e r t i e s  of t h e  luna r  i n t e r i o r .  Body waves, could be 
used t o  r e v e a l  t h e  presence o r  absence of a l una r  c o r e ,  
v e l o c i t y  v a r i a t i o n  i n  depth and t h e  mechanism of  l u n a r  t remors .  
The dens i ty-depth  func t ion  i n  t h e  moon can be recovered i f  t h e  
compressional and shea r  v e l o c i t y  s t r u c t u r e  i s  known. Thus 
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. 
t ; ;  seismic experiment 
af the lunar interior. 

contributes to this important aspect 

Design experience for the seismograph has been obtained from 
the design and fabrication of a single-axis short period 
seismometer for the Ranger program and the construction of a 
three-axis seismometer system for the Surveyor program. This 
latter system covers both intermediate, short, and long periods. 

The three-axis seismograph for Apollo is designed to operate 
continuously for at least six months, It would be placed on 
the moon by an astronaut, who need only adjust the bandpass 
and gain of the instrument in the light of lunar seismic 
noise. The astronauts should be trained to perform this 
simple function. 

The passive seismic experiment planning team also recommended 
that a single short period vertical seismometer weighing 10% 
of the three-axis system be included, It would serve as a 
backup device and to record short period body waves. This 
addition will decrease the band widths required for the long 
period seismographs, 

It was estimated that a Seismometer package would weigh less than 
25 lbs, and be between 600 and 1200 cu, in. in volume exclusive 
of heat screens and power supply, 

The objective of the active seismic experiment on the lunar 
surface is to investigate the elastic properties of the lunar 
crust down to a depth of 500 feet, The experiment attempts 
to distinguish variation of lithology or rock types down to 
such depths. It involves the use of mortars to deploy explo- 
sive charges in a linear array uniformly spaced over ranges of 
200 to 2000 feet. 
geophones or receptors at 100 feet spacing. The astronaut would 
be required only to emplace the geophones, preferably buried, 
and emplace and aim the mortar package, 
experiment will not be set off until the astronaut has left 

Active seismologv 

The seismic refraction is recorded by two 

This active seismic 
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t h e  lunar  s u r f a c e .  

- Heat flow measuremen.& 
The ob jec t ive  of h e a t  flow measurements on t h e  l u n a r  s u r f a c e  
i s  t o  ob ta in  information on the i n t e r n a l  thermal  r eg ion  of 
t h e  Moon which conceivably in f luences  igneous and mountain 
b u i l d i n g  a c t i v i t i e s  on t h e  Moon. 
provide bas i c  d a t a  when proper ly  i n t e r p r e t e d  on t h e  thermal 
budget of t h e  Moon and se t  ' l i m i t s  on t h e  model of the Moon's 
evo l u  t ion.  

An extens ive  program can provide enough d a t a  f o r  proper  un- 
ders tanding  of t h e  i n t e r n a l  thermal r eg ion  of t h e  Moon. 
t h e  approved Apollo Landings, t h e  experiment c o n t r i b u t e s  
t h e  beginning of c o l l e c t i n g  t h e  h e a t  flow d a t a .  

The experiment i s  i n  i t s  conceptual  s t a g e  of development. 
The planning team sugges ts  t h a t  t h e  a s t r o n a u t  emplace three 
simple thermal experiments on t h e  Moon. 
w i l l  enable us t o  l e a r n  about l u n a r  s u r f a c e  h e a t  f l u  s u r -  
f a c e  temperature f l u c t u a t i o n s ,  h e a t  propagat ion  i n t o  the 
subsur face ,  and the  thermal p r o p e r t i e s  of s u r f a c e  m a t e r i a l s  
a t  s e v e r a l  l o c a t i o n s  on t h e  Moon's s u r f a c e .  The f i r s t  exper- 
iment measum i n  a d r i l l  h o l e  t h e  temperature  and conduc t iv i ty  
a t  t h r e e  po in t s  t h r e e  t o  f i v e  meters below t h e  s u r f a c e .  
second experiment measures t h e  temperature  a s  a func t ion  of 
depth  and t i m e  by p l ac ing  hand-driven probes w i t h  thermal  
sensors  i n  undis turbed pene t r ab le  s u r f a c e  m a t e r i a l .  The 
t h i r d  experiment measures by an i n s u l a t i n g  b l a n k e t ,  t h e  t e m -  
p e r a t u r e  as a func t ion  of depth  and t i m e  i n  s u r f a c e  m a t e r i a l  
i n  a d i s tu rbed  a r e a .  It a l s o  measures t h e  h e a t  f l u x  through 
the b lanket  a s  a func t ion  of t i m e .  The second and t h i r d  
experiments w i l l  be c a r r i e d  ou t  a t  s e v e r a l  l o c a t i o n s  on t h e  
luna r  su r face .  The f i r s t  experiment can no t  be executed i f  
a d r i l l  ho le  i s  not  a v a i l a b l e .  

Heat flow measurements a l s o  

, 

For 

These experiments 

The 
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Gravi ty  measurements. 
P r e c i s e  measurements of t h e  a c c e l e r a t i o n  due t o  g r a v i t y  on t h e  
lunar  s u r f a c e  over a per iod of months may y i e l d  va luab le  i n -  
formation concerning t h e  i n t e r n a l  c o n s t i t u t i o n  of t h e  Moon, 

I n  1916,  s h o r t l y  a f t e r  t h e  formulat ion of t h e  General Theory 
of R e l a t i v i t y ,  E i n s t e i n  p red ic t ed  t h e  e x i s t e n c e  of g r a v i t a t i o n -  
a l  waves. There was no s e r i o u s  at tempts  t o  d e t e c t  g r a v i t a t i o n a l  
r a d i a t i o n  u n t i l  r e c e n t l y ,  Some years  ago, one of t h e  planning 
team members (Weber) suggested t h a t  t h e  f r e e  o s c i l l a t i o n s  of a n  
e l a s t i c  body would i n t e r a c t  w i t h  g r a v i t a t i o n a l  waves and proposed 
t h e  u s e  of t h e  E a r t h  and Moon f o r  t h e  d e t e c t i o n  of such waves. 
According t o  E i n s t e i n ' s  theory only t h e  normal modes of quad- 
rupole  symmetry would be exc i t ed  by g r a v i t a t i o n a l  waves. 
However some of t h e  t h e o r i e s  such a s  t h a t  of Brans Dicke, 
p r e d i c t  mono pole  r a d i a t i o n s ,  Unlike t h e  e a r t h ,  t h e  luna r  
s u r f a c e  should be f r e e  of meteoro logica l  and oceanic  d i s t u r -  
bances.  
t o r  o f f e r s  e x c i t i n g  p o s s i b i l i t i e s ,  C o r r e l a t i o n  a n a l y s i s  of 
records  obtained s imultaneously on the  E a r t h  and Moon would 
permit t h e  unambiguous d e t e c t i o n  of cosmic sources  of g rav i -  
t a t i o n a l  r a d i a t i o n ,  

The use of t h e  Moon as a huge mass quadrupole de tec-  

Observations a r e  planned using a l u n a r  gravimeter  weighing 
less than  30 pounds, being l e s s  than one cubic  f o o t  i n  
volume and having a power consumption of l e s s  than 5 w a t t s  
cont inuous ly  and less than 15 w a t t s  w i t h  30% duty c y c l e .  This 
dev ice  w i l l  cont inuously monitor t h e  l u n a r  g r a v i t a t i o n a l  f i e l d ,  
r eco rd ing  changes g r e a t e r  than about one p a r t  i n  10 . 9 

S e n s i t i v e  gravimetersof  t h e  La Coste Romberg type would be 
s u i t a b l e  f o r  t h i s  experiment i f  d r i f t  were f u r t h e r  reduced and 
c e r t a i n  anomalies of t h e  servosystem were removed. The p r e s e n t  
weight ,  power-consumption and environment temperature t o l e r a n c e  
of t h i s  type  of instrument  can hopefu l ly  be redesigned t o  m e e t  
t h e  needs of t h e  luna r  g r a v i t y  i n v e s t i g a t i o n s .  
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Magnetic measurements- 
The objective of the magnetic experiment is to measure the 
lunar magnetic field strength. Results from Lunik I1 indi- 
cated this field could not be appreciably larger than the 100 
gamma noise level of that experiment. It is possible that 
a lunar magnetic field could exist and would not have been 
detected by Lunik I1 if the field were compressed by the 
streaming solar plasma. 
The most important aspects of the lunar magnetic field are 
its spatial and temporal characteristics. In order to ade- 
quately investigate the spatial properties of the lunar field 
and the interaction of the solar plasma with the moon, mapping 
by circudunar satellites is required. This however consti- 
tutes a complimentary investigation not directly involved 
with the Apollo Landings. 

A triaxial vector instrument with a dynamic range of several 
hundred gammas and a sensitivity of fraction of a gamma with 
appropriate analog to digital conversion subsystems is pos- 
sible for use in this experiment within a weight limitation of 
3 kilograms and a power limitation of 5 watts. 

Lunar AtmosDhere Measurements. 
Measurements of the lunar atmosphere are of interest from an 
atmospheric physics viewpoint. Additionally, however, such 
measurements can be expected to significantly supplement the 
geologic data gathered on the moon, since the lunar atmosphere 
may have evoived from solid lunar material. Geology without 
lunar atmospheric studies, or vice versa, would unnecessarily 
increase the number of con_"ectures that must be made to proper- 
ly appreciate the lunar evolutional prxess and its current state 
of evolvement. Since Apollo missions may contribute significantly 
to the contamination of the lunar atmosphere, it is important that 
measurements of the lunar atmosphere be accomplished as near the 
beginning of the program as possible. 



The lunar atmosphere is known from optical measurements 
to be less dense than about 10 that of the earth's atmosphere 
(Dollfus, A., Ann d'Astrophysique, l9, 7 1  (1956)) and the ionized 
component is less than about IO' ions/cm , as determined by 
radio measurements (Elsmore, B., Phil. Mag., - 2 ,1040  ( 1 9 4 7 ) ) .  

Beyond these upper limits, all else is inferred, but estimates 
center about a concentratian of about 100 metric tons for the 
total atmospheric mass. The Apollo excursion module will re- 
lease up to 5 metric t u n s  of exhaust  gases, The above esti- 
mate involves important uncertainties, and the Apollo reaction 
products may even dominate the atmosphere. It is unfortun- 
ate that the vehicle carrying the atmospheric-measurement ex- 
periment may itself seriously contaminate that atmosphere, and 
the experiment should therefore be capable of operating for 
an extended period. At the very least, the loss rate for the 
contaminant gases can thereby be determined. If these loss 

-6 

3 

rates are sufficiently large, then the atmosphere will return 
to its steady state and be observed by the lunar atmosphere 
experiment. Loss due to solar wind interaction may give rise 
to loss time constants of the order of one month, or about one 
lunar day. Thus the experiment should last, at the minimum, 
for several months. It is desirable, in any event, to observe 
any changes in the atmosphere that may occur between lunar 
day and lunar night, since this can provide further information 
on composition (e,g., the freezing out of volatiles during the 
very cold lunar night). The consideration of the Lunar Measure- 
ments Team relating to the emplaced equipment may be summarized 
as follows; 
The maximum direct information on the lunar atmosphere must 

come from mass spectra measurements on the neutral components. 
However experimental techniques are presently better developed 
for measuring probable ionized components of the lunar atmos- 
phere. The total neutral particle pressure can be measured 
with available techniques, and the mass spectrum may be meas- 
urable, depending on progress in instrument development in 
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t h i s  a r ea .  Information should be obtained from emplaced equip- 
ment f o r  s e v e r a l  months a f t e r  depa r tu re .  

Spec ia l  concerns of t h e  b iosc i ence  planning team a r e :  (1) 
t h e  minimization of b i o l o g i c a l  contamination of t h e  Moon and 
of poss ib l e  back contaminat ion of t h e  e a r t h ,  2 )  a s t r o n a u t  
t r a i n i n g ,  3 )  sample c o l l e c t i o n ,  and 4 )  t h e  l a b o r a t o r y  f a c i l i -  
t i es  a v a i l a b l e  a t  MSC f o r  i n i t i a l  examinations of l una r  Sam- 
p l e s .  
ma t t e r  and t h e  sea rch  f o r  proto-organic  ma t t e r  from re tu rned  
luna r  samples. 

Of major i n t e r e s t  a r e  t h e  sea rch  f o r  l una r  l i v i n g  

. Minimization of b i o l o g i c a l  Contamination of t h e  Moon; 
B io log ica l  contamination of t h e  Moon may be caused by vent ing  
of t h e  LEM, b a c t e r i a  i n  i t s  r e t r o - r o c k e t  f u e l ,  o r  leakage from 
a s t r o n a u t ' s  s u i t .  The planning team be l i eves  t h a t  t h e  out -  
s i d e  of t h e  LEM p resen t s  no problem because of t h e  l a c k  of 
l u n a r  atmosphere t o  spread b a c t e r i a  which might be on t h e  
o u t s i d e  s u r f a c e  of t h e  LEM. The p r i n c i p a l  source  of e a r t h  
b a c t e r i a  would be LEM's atmosphere. While on the  Moon t h e  
atmosphere w i t h i n  t h e  LEM should be vented through u l t r a -  
h igh  e f f i c i e n c y  b i o l o g i c a l  f i l t e r s .  
w i t h  an i n t e r n a l  flow r e s i s t e n c e  of only 2mm Hg, a p a r t i c l e  
(1-5 microns) r e t e n t i o n  g r e a t e r  than 99.99%, and a c a p a c i t y  of 
about 300 cubic  f e e t  per  minute per  square f e e t  of f i l t e r  
a r e a .  When t h e  LEM i s  opened a f t e r  vacuum has been reached 
t h e r e  w i l l  be no f l u i d  medium t o  convey contaminat ion t o  t h e  
luna r  su r face .  Bac te r i a  remaining i n s i d e  t h e  LEM should s t a y  
t h e r e ,  except f o r  those  c a r r i e d  by t h e  a s t r o n a u t s  themselves 
on t h e i r  space s u i t s  and t h e i r  equipment. 

There a r e  a v a i l a b l e  f i l t e r s  

B a c t e r i a ,  i f  p re sen t  i n  t h e  s o l i d  r e t r o r o c k e t  f u e l  of t h e  LEM 
t h a t  surv ives  t h e  burning dur ing  descen t ,  might then  contamin- 
a t e  t h e  Moon. A b a c t e r i a l  examination should be made of t h e  
f u e l ,  so  t h a t  such contaminat ion can be a t  l e a s t  recognized. 
Monitoring of r e t r o r o c k e t  f u e l  contaminat ion i s  necessary 
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because of the search for proto-organic or organic matter 
that might possibly exist in lunar materials. 

Leakage of atmosphere from the astronaut's suit is the third 
major source of contamination. The bioscience planning team 
was told that current model of the space suit leaks about 
200 cc of air per minute. The planning team recommends that 
using harmless bacteria, the bacterial contamination due to 
this rate of air leakage be determined. If the astronauts 
wear protective aluminized-fabric overgarments over their 
space suit, and if these overgarments are kept clean and 
sterile by wiping with a bactericide such as hypochlorite, 
then earth bacterial contamination onto the Moon should be 
further reduced. This space suit leakage contamination is 
not considered to be a serious problem. 

The planning team also suggests that all equipment used by 
the astronauts or to be emplaced on the lunar surface be 
biologically decontaminated using ethylene oxide. 

Minimization of possible back contamination to Earth: 

The bioscience planning team consider very small the proba- 
bility that any viable micro-organisms will be found on the 
Moon, and smaller still, the chance that, if they do exist, 
they will be dangerous. However, the problems with which we 
would be faced if lunar organisms pathogenic to animal or 
plant life were brought back and escaped could be so catas- 
trophic that it can not be ignored, even though its probabil- 
ity be considered very low. 

According to the planning team, everything that comes out of 
the command module after its returned to earth that has had 
an opportunity to be in contact with the lunar environment 
should be considered as a possible carrier for lunar pathogens 
It would be advisable, at least, to wipe off, perhaps with 
dilute hypochlorite solution, all the outside surfaces of 
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o b j e c t s  removed from t h e  command module. 
of the command module could be decontaminated w i t h  s t anda rd  
vaporphase b a c t e r i c i d e s .  

According t o  t h e  planning team, t h e  most l i k e l y  source  of l u n a r  
pathogens, if indeed they e x i s t ,  would be t h e  a s t r o n a u t s  them- 
selves. Lunar organisms, even i f  no t  i n h e r e n t l y  pathogenic ,  
could,  a c t i n g  i n  conjunct ion  w i t h  t e r r e s t r i a l  organisms i n  
t h e  nose and t h r o a t  of an  a s t r o n a u t ,  produce d i s e a s e .  One 
would have t o  cons ider  t h a t  any a s t r o n a u t  i l l n e s s  occurr ing  
wi th in  a few weeks a f t e r  r e t u r n  would have t o  be thought of 
as  p o t e n t i a l l y  s i g n i f i c a n t  and t h e r e f o r e  s u b j e c t  t o  s t r i c t  
i s o l a t i o n .  

Then t h e  i n s i d e  

S c i e n t i s t s  i n t e r e s t e d  i n  t h e  r e tu rned  luna r  samples w i l l  
no t  immediately be i n  d i r e c t  c o n t a c t  w i t h  t h e  luna r  samples. 
S c i e n t i f i c  work on luna r  samples which needs t o  be  done 
quickly upon r e t u r n  can be done behind b i o l o g i c a l  b a r r i e r s .  

The whole ques t ion  of t h e  p o s s i b l e  r e t u r n  of l una r  pathogens 
i s  considered t o  be a p u b l i c  h e a l t h  m a t t e r ,  and f o r  t h a t  
reason,  t h e  b iosc ience  planning team f e e l s  t h a t  f u r t h e r  
expe r t  advice  and opinion should be  sought .  

Samplinp i n  sea rch  of proto-organic  ma t t e r  and 
l i v i n g  ma t t e r  from luna r  samples: 

The samples, sampling t o o l s ,  sampling techniques and sample 
s t u d i e s  f o r  b iosc i ence  i n v e s t i g a t i o n s  have a l r eady  been 
d iscussed .  It i s  perhaps important  t o  po in t  o u t  t h a t  a l -  
though luna r  micro-organisms a r e  no t  l i k e l y  t o  be encountered, 
because of the l ack  of l una r  atmosphere t o  s u s t a i n  l i f e  and 
the wide temperature  v a r i a t i o n  which a r e  u s u a l l y  no t  t o l e r -  
a b l e  t o  organisms, t h e r e  i s  s t i l l  a remote chance t h a t  such 
qicro-organisms may e x i s t  a t  some shal low depths  p ro tec t ed  
by an  i n s u l a t e d  b lanket  of l una r  d u s t .  
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Perhaps t h e  s e a r c h  f o r  proto-organic  ma t t e r  shows more promise, 
p a r t i c u l a r l y  i f  t h e  Moon's p re sen t  cond i t ion  r e p r e s e n t s  a 
s t a g e  of t h e  evo lu t ion  of the e a r t h  dur ing  i t s  e a r l y  h i s t o r y  
p r i o r  t o  t h e  emergence of p r i m i t i v e  l i v i n g  forms. I n  t h i s  
r e s p e c t  t h e  r e tu rned  luna r  samples a r e  p o t e n t i a l l y  of g r e a t  
s c i e n t i f i c  i n t e r e s t  w i t h  r e s p e c t  t o  the s tudy  of t h e  o r i g i n  
of l i f e .  

111. ADD I T  IONAL P'ikiWING 
A. Apollo Mission P r o f i l e s  

The need f o r  planning of mission p r o f i l e s  f o r  the approved 
e a r l y  Apollo Landings i s  v i t a l ,  p a r t i c u l a r l y  because of 
t h e  emphasis on e f f i c i e n t  use of a s t r o n a u t ' s  t i m e  dur ing  t h e  
s h o r t  s t a y  on t h e  Moon. This r e s p o n s i b i l i t y  has  n o t  been 
ass igned  t o  any s p e c i f i c  planning team. 

Because of t h e  c o n s t r a i n t s  of t h e  space s u i t s  and t h e  a s t r o n a u t s '  
l i m i t e d  m o b i l i t y ,  f o r  a 4-hour s t a y  t i m e ,  t h e . a s t r o n a u t  i s  no t  
expected t o  make t r a v e r s e s  of more than  1,000 fee t  away from 
the LEM. 
t i f i c  s tudy  of t h e  landing s i t e ,  p r e c i s e  func t ion  and t i m e  
requirements  t o  perform t h e  mission should be known. Simu- 
l a t i o n  of such t i m e  and func t ion  s t u d i e s ,  w i t h  and wi thout  
space s u i t  c o n s t r a i n t s ,  a r e  being c a r r i e d  out .  A r e a l i s t i c  
miss ion  p r o f i l e  must be developed and t h e  a s t r o n a u t s  should 
be t r a i n e d  t o  c a r r y  t h i s  o u t .  

I n  o rde r  t o  e f f e c t i v e l y  c a r r y  out  a balanced sc i en -  

B .  Apollo Extended Sys temwi th  longer  s t a y  per iods  f o r  
Geological ,  Geochemical and Geophysical i n v e s t i g a t i o n s  
of t h e  moon 

A s  s t a t e d  i n  t h e  p k m i n g  of t h e  luna r  s c i e n c e  program, i n  
o rde r  t o  l e a r n  about t h e  Moon, extended geo log ica l  geochemical 
and geophys ica l  s t u d i e s  must be c a r r i e d  ou t  w i t h  longer  s t a y  
t i m e .  I n  a d d i t i o n  ex tens ive  s t u d i e s  w i l l  be undertaken of 
p a r t i c l e s  and f i e l d s ,  and sstronomy experiments u t i l i z i n g  an 

33 



established lunar base.  

Because of the limited ground coverage of geological t r ave r ses  on the 

Moon, a lunar  orbital  laboratory,  using pr imar i ly  photographic and 

other sensing techniques, mus t  be rel ied on for m o r e  extensive surveying 
and coverage. 

It mus t  be emphasized that post Apollo missions such a s  the Apollo 

Extension System or a Manned Lunar Orbi ter  a r e  not approved programs 

but a r e  under study a s  methods of increasing our Lunar exploration 

capabilities. 

be closely integrated and coordinated with the approved Apollo experi  

ments and resul ts .  Such studies will be re leased  in separate  volumes, 

The unmanned Lunar program (Ranger, Surveyor,  Lunar Orbi ter) ,  the 

Apollo Program,  and hopefully, post Apollo extensions will constitnte 

Suggested scientific programs for these sys tems need to  

the basic Lunar  exploration program of NASA. 
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